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and promiscuous mammalian endoproteases known.Cathepsins as
This is not to say that promiscuous endoproteases haveTranscriptional Activators? no specific function, because cathepsin L null mice
show a distinct defect in CD4 T cell selection (Roth et
al., 2000). Nonetheless, at first blush the nucleus would
seem an unlikely haven for this enzyme.
One action of proteases is limited cleavage of latent Unencumbered by this bias, Nepveu and colleagues
transcription factors, releasing active factors to initi- have been tracking the molecular events necessary for
ate nuclear signaling. Goulet et al., in a recent Molecu- CDP/Cux DNA binding and transcriptional activity. Prior
lar Cell paper, provide evidence that a lysosomal pro- observations had indicated that full activation of CDP/
tease, cathepsin L, exists in a previously unsuspected Cux required proteolytic processing and that the timing
isoform capable of trafficking to the nucleus and acti- of proteolytic processing corresponded to the G1/S
vating the CDP/Cux transcription factor. The findings transition, consistent with the cell cycle period of maxi-
should stimulate new research on the nature of nuclear mal CDP/Cux DNA binding (Moon et al., 2001). In the
proteases involved in signaling. current study, this group set out to define the enzyme
that processes CDP/Cux. After preliminary studies re-
Proteolytic enzymes initiate many biological processes. vealed that the canonical papain-family enzyme inhibitor
The irreversible and at times dramatic changes in protein E64 blocked cellular processing of CDP/Cux in fibro-
structure occurring with proteolytic cleavage allow cells blasts and pointed to cathepsin L as an efficient CDP/
to be primed by accumulation of latent mediators and Cux processing protease in vitro, Goulet et al. created
effectors awaiting site- and stimulus-specific activation. a clever intracatalytic domain HA tag within cathepsin
The recent discoveries of membrane-bound transcrip- L to track the protein in situ (Goulet et al., 2004). They
tion factors released by site-directed intramembranous accumulated strong evidence that tagged-cathepsin L
proteolysis and proteolytic processing of intracytoplas- appeared in the nucleus during the G1/S transition and
mic latent transcription factors reveal the utility of prote- then undertook two key lines of experiments to test its
ases as initiators of nuclear signaling as well (Hoppe role in CDP/Cux processing. First, they demonstrated
et al., 2001). But a rather counterintuitive pathway for translational initiation of cathepsin L at a downstream
protease involvement in transcriptional activation is de- methionine and showed that mutation of these down-
scribed in the April 23 issue of Molecular Cell: intra- stream AUGs abrogated both nuclear accumulation and
nuclear processing of the CDP/Cux transcription factor CDP/Cux processing. This provided a mechanism
by cathepsin L, a prototypical lysosomal protease whereby a shortened isoform of cathepsin L missing a
(Goulet et al., 2004). signal peptide could begin a sojourn in the nucleus.
Cathepsin L is one of 11 cathepsins in the human Second, they showed that cathepsin L/ fibroblasts
genome that have strong sequence homology with, and were markedly (but not completely) defective in their
essentially the same catalytic mechanism as, the non- processing of CDP/Cux. This defect could be rescued by
specific plant protease, papain (Turk et al., 2001b). All cathepsin L mRNA containing downstream methionine
of the cathepsins share the features of endosomal tar- initiation sites but not by mutant mRNAs missing these
geting motifs, acidic pH optima, and autocatalytic acti- sites, indicating that the short cathepsin L isoform is
vation. Importantly, in spite of their intrinsic, promiscu- critical to CDP/Cux processing.
ous proteolytic potential, some cathepsins have marked There are some significant limitations to these results.
restrictions on their proteolytic activity. Cathepsins Z The studies are almost entirely in cells transfected with
and C are strict exopeptidases involved in protein pro- both CDP/Cux and cathepsin L. The putative short ca-
cessing; e.g., cathepsin C is required for N-terminal trim- thepsin L isoform has not been isolated under endoge-
ming and activation of neutrophil and NK cell granular nous conditions in a Cux-processing nucleus and in fact
serine proteases (Pham and Ley, 1999). These restric- endogenous Cux processing within the nucleus has also
tions are built by the evolutionary addition of short motifs not been demonstrated. Further, while the cathepsin L
and even whole protein domains to the archetypal en- null mouse (Roth et al., 2000) and the CDP null mouse
zyme sequence, and in the case of cathepsin C sponta- (Ellis et al., 2001) exhibit similar defects in hair follicle
neous oligomerization of the enzyme, all of which act formation, the CDP null is much more severe than the
to restrict substrate access to the papain-like catalytic cathepsin L null overall, consistent with the authors’
pocket (Turk et al., 2001a). Cathepsin L has none of this conclusion that cathepsin L alone cannot explain CDP/
Cux processing (Goulet et al., 2004).and in pure form at acidic pH is one of the most potent
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These limitations aside, the results show compellingly the intriguing possibility that cystatin B is a regulator of
the normal function of nuclear cathepsins.that a shortened version of cathepsin L can be trans-
lated, reach the nucleus, and mediate proteolytic activa-
tion of CDP/Cux. Even though Goulet et al. show correct Harold A. Chapman
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erones and the formation of a protein complex which Selected Reading
could both stabilize and direct the protease’s actions,
Ellis, T., Gambardella, L., Horcher, M., Tschanz, S., Capol, J., Ber-analogous to how other cathepsins with restricted pro-
tram, P., Jochum, W., Barrandon, Y., and Busslinger, M. (2001).tease activity are built. Indeed, cathepsin L in a high
Genes Dev. 15, 2307–2319.
molecular weight complex was recently reported to me-
Goulet, B., Baruch, A., Moon, N.S., Poirier, M., Sansregret, L.L.,
diate enkephalin peptide processing in adrenal gland Erickson, A., Bogyo, M., and Nepveu, A. (2004). Mol. Cell 14,
granules (Yasothornsrikul et al., 2003). In a similar nu- 207–219.
clear scenario, cathepsin L would be the effector but Hoppe, T., Rape, M., and Jentsch, S. (2001). Curr. Opin. Cell Biol.
its action would be regulated by other proteins in a 13, 344–348.
manner analogous to the emerging paradigms for regu- Moon, N.S., Premdas, P., Truscott, M., Leduy, L., Berube, G., and
Nepveu, A. (2001). Mol. Cell. Biol. 21, 6332–6345.lated intramembrane proteolysis and regulated admis-
sion to the proteasome, the ultimate promiscuous prote- Pham, C.T., and Ley, T.J. (1999). Proc. Natl. Acad. Sci. USA 96, 8627–
8632.ase complex (1). None of this speculation has any
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known family of cystatin cathepsin inhibitors, cystatin
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9595.thepsins, the findings of Goulet and colleagues raise
al., 2002). Previous studies on Hrp48 showed that itLost in Translation Gets an oskar
regulates splicing in the nucleus (Hammond et al., 1997;
Burnette et al., 1999). Many hnRNP proteins shuttle be-
tween the nucleus and the cytoplasm, and perform func-
tions in both compartments of the cell. Their roles in
Nuclear history affects the fates of mRNAs in the cyto- RNA localization have only begun to be appreciated in
plasm of cells. Proteins loaded onto mRNAs in the the past few years.
nucleus mark RNAs for subsequent translational regu- Subcellular mRNA localization is a widely used mech-
lation, stability, degradation, and subcellular RNA lo- anism whereby cells concentrate and restrict proteins
calization. New results show that the Drosophila het- to specific cell domains. Localization-dependent trans-
erogeneous nuclear ribonucleoprotein (hnRNP) Hrp48 lation occurs when RNA localization is coupled with
contributes to coordinated RNA localization and trans- translational regulation to ensure that unlocalized RNA
lational control in oocytes. is not translated. Two mRNAs that are the subject of
this preview, gurken (grk) and oskar (osk), are regulated
by localization-dependent translation.Two papers in this issue of Developmental Cell (Huynh
The earliest steps of RNA localization pathways occuret al., 2004; Yano et al., 2004) and a recent paper in
in the nucleus, where proteins are bound that accom-Development (Goodrich et al. 2004) report that the Dro-
pany the RNA into the cytoplasm (reviewed in Farinasophila hnRNP protein Hrp48/Hrb27C is required for
and Singer, 2002). Several hnRNP proteins have beensubcellular RNA localization and the regulated transla-
shown to mediate RNA localization. MBP mRNA local-tion of localized RNAs. Hrp48 is a member of the hnRNP
ization and translation in oligodendrocytes is mediatedA/B family, and is one of the three most abundant hnRNP
proteins in Drosophila cells (reviewed in Dreyfuss et by hnRNP A2, Vg1 mRNA localization in Xenopus eggs
